Purpose This study evaluates acetabular cup position in the setting of revision total hip arthroplasty (THA) with severe acetabular bone defects. Methods With a definition of safe zone of abduction (30-50°) and anteversion (5-25°), acetabular cup position was measured by a digital image analysis program for 34 patients with Paprosky type III acetabular bone defects. Results There were 24 cups (71 %) for abduction and 26 cups (76 %) for anteversion located in the safe zone. Nineteen cups (56 %) were within the safe zone for both abduction and anteversion. There was no dislocation, however one cup out of the safe zone resulted in early cup failure due to aseptic loosening. Conclusions The acetabular cup positioning in patients with Paprosky type III defects was 'optimal' in half of the cases. The prevalence of optimal acetabular cup position was similar to those reported in primary THA, suggesting that the presence of a large acetabular bone defect may not be a significant risk factor for suboptimal acetabular cup positioning in the setting of revision THA.
Introduction
Optimal cup positioning is a fundamental requirement for satisfactory results of total hip arthroplasty (THA). Malposition of the acetabular cup can cause impingement, eccentric polyethylene wear and osteolysis, migration of acetabular component and dislocation of the joint, resulting in early failure of THA [1, 2] .
In most primary or revision THA, the acetabular cup is supposed to be set in the "safe zone" of 30-50°of abduction and 5-25°of anteversion [3] although the definition of safe zone remains controversial [4] . However, optimal component position is sometimes difficult to obtain. Especially in situations of revision with significant bone defect, it may be more difficult to place the acetabular cup in an ideal position. Paprosky et al. [5] described a classification system for acetabular defects which differentiates defects based on the acetabular bone loss and inherent stability of the trial component. In Paprosky type III acetabular defect which involves an unsupportive acetabular rim, it may be even more important to achieve optimal cup positioning as the bony defect provides insufficient implant stability.
Recently, the prevalence of 'optimal' acetabular cup positioning in primary THA in a tertiary teaching hospital was reported to be 49 % [6] . The study reported that surgical approach, surgeon case numbers and obesity independently predicted malpositioned cups. While there are a number of papers describing clinical results of acetabular revision with large bone defect [7, 8] , there is paucity of data regarding cup position in the setting of revision THA [6] . The purpose of this study was to evaluate the cup position in the setting of revision THA for Paprosky type III acetabular defect using the Martell digital image analysis technique.
Materials and methods
A retrospective institutional database search identified 288 acetabular revisions from 1997 to 2007. Of these 288 acetabular revisions, 44 hips (44 patients) were classified as Paprosky type III acetabular bone defects through preoperative radiographs. In order to ensure a valid comparison with the recent study reporting the prevalence of cup position in primary THA, the digital radiographs were evaluated using the Martell Hip Analysis Suite™ (HAS, Chicago, IL, USA) program [9] which provided accurate and reliable data for all radiographic measurements. Of the 44 patients, 34 were available for radiographs of sufficient digital quality to obtain digital image analysis and be included in this study.
There were 20 men and 14 women and the mean age at the time of revision surgery was 65 years (range 31-82 years). There were 19 left hips and 15 right hips. The diagnoses for the primary THA were osteoarthritis (n=18), post-traumatic arthritis (n=4), fractures (n=3), Legg-Calvé-Perthes disease (n=2), avascular necrosis (n=2), unknown (n=3) and others (n=2). The mean time from the immediate prior hip surgery (primary or revision THA) to the acetabular revision was 15 years (range one to 29 years). The reasons for revision surgery were aseptic loosening of the acetabular component (n=24), osteolysis (n=6), instability (n=3) and protrusio acetabuli (n=1); 15 patients required only acetabular reconstruction and 19 patients required revision for both acetabular and femoral sides. Of 34 Paprosky type III defects, 22 patients were Paprosky type IIIA and 12 patients were Paprosky type IIIB.
Various treatment options exist in the face of significant bone loss of acetabular revision, including structural allograft [10] , porous metal cup with/without augments [7] , impaction allografting with a cemented shell [11] , antiprotrusio cages [12] , jumbo shells [13] , oblong shells [8] and proximal and medial reconstructions [14] . In this study, the decision on the treatment option for surgical reconstruction was made by each surgeon independently. Seventeen patients were treated with a jumbo cup as defined by Whaley et al. [15] and five patients were treated with impaction bone graft and a cemented cup. One patient was treated with high placement of the acetabular component without cement as described by Dearborn and Harris [16] and another patient was treated with a cage and cup reconstruction. The remaining ten patients were treated with porous (n=6) or non-porous (n=4) metal acetabular shells that were smaller diameter than those included in the jumbo cup criteria. Each surgeon in this series independently selected a method of operative technique and these techniques have not changed during the study period. All 34 patients received allogenic chip bone graft for the acetabular reconstruction. The average volume of allograft was 81 ml (range 30-270 ml). In addition to bone grafting, on average three (range zero to seven) screws were used for cup fixation. In seven patients screws were not used for cup fixation (Table 1) .
Acetabular cup position was measured by the Martell Hip Analysis Suite™ program using the latest follow-up radiographs of the pelvis anteroposterior and shoot-through hip lateral view. Optimal cup position (safe zone) was defined as 40±10°for abduction and 15±10°for anteversion based on Lewinnek et al. [3] . Patients' medical records were followed up longitudinally and related complications were identified and recorded. Five patients died of medical causes unrelated to the surgery during the follow-up. Re-revision of the cup for any reason or dislocation was defined as failure. The mean time from the acetabular revision to the latest followup was 7.6 years (range 3.2-14.7 years).
Statistical analysis was performed using SPSS version 17.0 (SPSS Inc/IBM, Chicago, IL, USA). Fisher's exact and Student's t test were used to compare the proportions and means of variables between groups. Multivariable logistic regression analysis was performed to identify risk factors for cup malpositioning. Two-tailed p value <0.05 was considered statistically significant.
Results
The measurements of acetabular abduction angle ranged from 11.08 to 61.70°with an average of 42.79°. The anteversion angle ranged from 2.25 to 44.43°with an average of 12.90°. Of 34 cups, 24 (71 %) were placed in the safe zone of abduction and 26 of 34 cups (76 %) were placed in the safe zone of anteversion. When both parameters are combined, 19 of 34 (56 %) cups were placed in the safe zone of both abduction and anteversion (Fig. 1) .
Four patients required additional surgery for complications: infection (n=1), haematoma formation (n=1), intraoperative vessel injury (n=1) and trochanteric fracture (n=1). Infection and haematoma were managed by irrigation/debridement and haematoma evacuation. Vessel injury was managed by interruption of the revision procedure with vascular repair and subsequent delayed acetabular revision. Trochanteric fracture was converted to extended trochanteric osteotomy intraoperatively.
There was one failure of the cup due to aseptic loosening, which was outside the safe zone with 11.08°of abduction and 33.30°of anteversion. The cup was re-revised by staged acetabular reconstruction with allogenic bone graft and reimplantation of a cementless cup. There was no dislocation in this study group.
Uni-and multivariate logistic regression was performed to assess possible predictors of malpositioning and no significant independent factors were identified: age (p=0.30), gender (p=0.56), laterality (p=0.79), type of defect (p=0.83), bone graft (p=0.10), cup size (p=0.18) and screw fixation (p=0.94) ( Table 2 ).
Discussion
Malposition of the acetabular component has been associated with increased risk of complications including dislocation, impingement, acetabular component migration, wear and osteolysis [3, 17] . As the cup position probably is the most sensitive single variable within the surgeon's control to minimise risk of complications, the importance of correct cup positioning cannot be overemphasised. However, proper placement of acetabular components can potentially be compromised in the setting of revision because loss of normal bony landmarks is frequently encountered. While there are a number of reports of cup position in primary THA, data of cup position in revision THA are limited [6] . Therefore the current study investigated acetabular cup position in the revision situation with large bone defects.
In this study, the result of cup position demonstrated the challenges of proper component placement. Only 19 of 34 (56 %) cups fell in the optimal safe zone when both abduction and anteversion were combined. However, these results were similar to those of previous reports of cup position after primary THA [18] [19] [20] , which showed a wide range of cup position using the same criteria of safe zone by Lewinnek [3] . In the literature, Saxler et al. [20] , in their retrospective computed tomography (CT)-controlled measurement, reported that only 25.7 % (27/105) of cups in primary THA were placed within the safe zone. DiGioia et al. [19] also demonstrated that 78 % (59/74) of cups implanted in primary THA using a mechanical guide were outside the safe zone. On the other hand, Bosker et al. [18] showed that the 70.5 % of cups in primary THA were positioned within the safe zone by a freehand technique. In recent studies, improved cup position using computer navigation [21, 22] and its accuracy [23] have been reported.
In a setting of revision THA, Callanan et al. [6] described that 57 % of revised cups were optimally positioned in their analysis. Although the authors they used a stricter definition of acceptable ranges (abduction 30-45°and version 5-25°) in their study the success rate of optimal cup positioning was similar to the current study results. The traditional bony architectures are frequently distorted or absent in the setting of revision. However, very careful patient positioning, wide exposure of the acetabulum to understand the geometry and repeat trial with intraoperative radiographic evaluation may have contributed to the relatively similar prevalence of optimal cup positioning in the revision situation. For measurement of cup position, a wide variety of parameters for the abduction and anteversion has been suggested [6, [24] [25] [26] . Wan et al. [4] pointed out the effects of pelvic tilt in angle measurement and recommended all inclination and anteversion be converted to the radiographic inclination and anteversion based on the coronal plane. In the current study, the safe zone as defined by Lewinnek et al. [3] was utilized, which has been widely accepted, although a cup in the safe zone by one definition may be out of the safe zone by another definition. Furthermore, in the current study, a digital image analysis program (Martell Hip Analysis Suite™) was used. This technique was initially developed for determination of polyethylene wear in THA, but it also provides an effective way to accurately determine abduction and version angles of the cup. This is the first study the authors are aware of that uses the Martell technique to evaluate acetabular component position in the setting of revision THA with large bone defects.
Surgical approach, surgeon case numbers and obesity have been reported as factors correlated to malpositioned cup in a previous study [6] . This was further investigated using various patient and surgical factors to find out possible independent predictors in the setting of large bone defect, but it did not appear that acceptable results versus cup malpositioning were related to any of the variables tested: age, gender, laterality, type of defect, amount of bone graft, cup size and screw fixation.
There are limitations to this study. Firstly, the definition of optimal cup position may vary and there is no consensus, specifically in terms of revision surgery. In addition, a combined version should also be considered in conjunction with the femoral component. Secondly, during the long-term study period, various techniques of acetabular reconstruction were used, which might have led to inconsistent treatment outcome. Although this may have been a confounding factor, the focus of this study was to evaluate the cup positioning. Lastly, this study has a relatively small number of patients, although this is the first study to report the cup position in the setting of revision THA with large bone defect to the authors knowledge.
In conclusion, the prevalence of 'optimal' cup positioning in revision THA with Paprosky type III acetabular bone defects was only in half of cases based on Martell digital image analysis. However, the prevalence of optimal acetabular cup position was similar to those reported in primary THA, suggesting that the presence of a large acetabular bone defect may not necessarily be a significant risk factor for suboptimal acetabular cup positioning in the setting of revision surgery.
